Th and 40 K, respectively. Furthermore, the radiation dose in that site was measured using Digilert100 radiation survey meter and its mean value was of 0.52 ± 0.13 μSv h -1 which is much lower than safety limit. Moreover, radiological hazards indices of radium equivalent activity (Ra eq ), external (H ex ) and internal hazard indices (H in ), alpha and gamma radiation indices and annual effective dose due to the presence of those radionuclides were calculated and their values were less than worldwide limit. These results implied that the Tourists can safely visit and stay in this site (San Al-Hagar) as long as they wish.
Introduction
Human beings are exposed to ionized radiation emitted from natural radionuclides in the earth's crust, rocks, and soils which resulted from the weathering of the different type of rocks. The level of those radionuclides varied according to the type of rocks. Igneous rocks contained high levels of radinuclides while sedimentary rocks contained low levels. The soil (upper layer of the earth's crust) is one of the most important sources of naturally occurring radioactive materials (NORM), i.e. uranium series, thorium series and potassium [1] [2] [3] [4] . UNSCEAR, 2000 [5] reported that the main contributor of human beings' exposure comes from natural radiation, and the worldwide average annual effective dose is 2.4 mSv. Thus, the high level of ionizing radiation above the earth is mainly due to the increase of the concentration of natural radionuclides of uranium ( 238 U), thorium ( 232 Th), their daughter products and potassium ( 40 K), NORM, in earth's crust, rock and soil [6] . Hence, the evaluation of natural radionuclides concentrations is very important from the point of view of environmental radiation protection.
The radiological implications of those radionuclides are the result of γ-ray exposure of the human body and irradiated of its inter tissue (lung, stomach, bone marrow, …) by the inhalation or digestion of radon and its progenies [7] . Consequently, the most important sources of external and internal exposure are the gamma radiation and alpha particles emitted from uranium ( 238 U) series, thorium ( 232 Th) series and within soil. External exposure occurs directly by gamma-rays, whilst, internal exposure toparticles results from the inhalation of radon and its progenies [8] [9] [10] . Therefore, the exposure to NORMs has a theoretical potential to cause cancers in individuals exposed at significant levels. Therefore, the measurement of specific activity concentration natural radionuclides in soils is of a prime importance from the environmental radiation protection point of view [11] .
San Al-Hagar (Tanis) is the most important archaeological site in Egypt's northern Delta, about 150 km northeast of Cairo, ( Figure. 1 K in architecture site (Tanis) were measured using highpurity germanium detector (HPGe). Based on the radionuclides concentrations values, the hazard indexes of radium equivalent activity (Ra eq ), external (H ex ), internal (H in ) hazard indices, alpha and gamma radiation indices and annual effective dose associated with those radionuclides were calculated and compared with worldwide limit according to UNSCEAR equations. Moreover, the radiation dose in the architecture site was measured with Digilert100 radiation survey meter.
Materials and Methods

Sample preparation
A total 20 samples of soil were collected from different locations of San Al-Hagar, Egypt; ground surface of tomb rooms, roads among tombs and the outer empty space, as shown in Figure. (1). The selected samples were crushed into a fine powder. They were than sieved through a 1 mm mesh size to remove the larger grains size from sample to be more homogenous. The sample were then dried in an oven of controlled temperature at 110 oC for 24 hours to ensure that moisture is completely removed. After moisture removal, the samples were cooled down to room temperature in a desiccator [4, 11] . The prepared samples were packed into airtight plastic containers, (6 cm diameter and 8 cm height) made from polyethylene. The containers were carefully sealed with adhesive to prevent any possibility of radon escaping (222Rn) or thoron (220Rn) and stored for one month to achieve radioactive secular equilibrium between radium and radon. At the same time, an empty container with the same geometry of that used for samples, was also sealed and left for the same time in order to be used for background [7] . [2, 7] as shown in Figure. (2). The specific activity concentration of those natural radionuclides, A, (Bq kg -1 ) were calculated from Eq (1) [1, 7] .
Measurement of radionuclide concentrations
where, C is the net count above the background, p is the absolute emission probability of the gamma ray (mentioned in brackets after γ-rays energies), w is the net dry sample weight (kg), t is the measurement time, and  is the absolute efficiency of the detector.
Results and Discussion
Soil is the main source of the radiation dose received by individuals from natural radionuclides which is the main source of external and internal radiation exposures due to γ-rays and α-particles emitted from uranium series ( 238 U Th in soil samples. This is a common occurrence in most of the geological materials [1, 4] . These variations in radionuclides concentration may be attributed to the soil samples geological formation, physical geological characteristics, topographical differences, geomorphology, and meteorological conditions of the region [12] . When the present results are compared with the values of the soil originating in different courtiers of the world (in literature), it can be noticed that the radionuclides level in the present study were much lower than the literature values of other countries, as seen in Table ( , respectively, as shown in Table ( 3) and Figure. (3). Since UNSCEAR, 2000 [5] reported that for the sake of safety, the radium equivalent concentration of soil samples should be less than 370 Bq kg -1 to maintain the γ-rays dose less than 1.5 mSv y -1 . This implies that Radium equivalent of all the selected soil samples were much lower than recommended value of 370 Bq kg -1 .
External radiation exposure of γ-rays emitted from natural radionuclides in soil can be calculated from Eq. (3), [1] . For the sake of safety, external hazard index (H ex ) should be less than unity in order to a γ-rays radiation dose value less than 1.5 mSv y Th, and 40 K, respectively, in Bq kg -1 . External hazard index (H ex ) of the studied samples varied from 0.02 ± 0.01 for (OET1) to 0.07 ± 0.02 for (TT1) with a mean value of 0.05 ± 0.01, as seen in Table (3) . Therefore, all of the studied samples had an external hazard index less than unity which implies that the received γ-ray radiation dose is less than 1.5 mSv y -1 . In addition, the internal hazard index was calculated from Eq. (4) and it should be less than unity [10] [11] [12] [13] . (4) Internal hazard index was less than unity for all samples, as shown in Table ( 3). Alpha index, (I α ), Alpha radiation due to the inhalation of radon released from soil, was calculated using Eq. (5), [21, 22] . It should be less than unity to reflect radium concentration less than 200 Bq kg -1 (the upper recommended value) and consequently the release radon concentration will be less than 200 Bq m -3 .
Alpha index for all the studied samples varied from 0.02 ± 0.01 (OET1) to 0.05 ± 0.01 (SL1) with a mean value of 0.03 ± 0.01, as seen in Tables (3) . These values indicate that the studied samples contain a radium content much lower than 200 Bq kg -1 (agree with measured values). Moreover, the γ-ray radiation hazards associated with the natural radionuclides in soil can be assessed by means of radioactivity level index (I γ ) which was calculated from Eq. (6) (European Commission, EC) [21, 22] . According to the European Commission guidelines, it should be less than unity for radiation dose of 1 mSv y -1
. (6) The radioactivity level index (I γ ) of all studied samples had values much lower than unity, as given in Table ( 4), which implies the received radiation γ-ray dose to individual (visitor) in San Al-Hagar will be less than 1 mSv y -1 .
The absorbed dose rate of γ-rays emitted from radionuclides of 226 Ra, 232 Th and 40 K maintained in soil of San Al-Hagar at 1 m above the ground can be calculated from the following from Eq. (7) [2, 16] .
Where, C Ra , C Tables (4) . UNSCEAR, 2008 [23] reported that the worldwide average limit value of the absorbed dose should be 59 nGy h -1 . All the studied samples had absorbed dose less than worldwide average value, as given in Tables (4) .
The annual effective dose (E) due to γ-rays emitted from earth crust due to the presence of natural radionuclides of 226 Ra, 232 Th and 40 k was calculated using Eq. (8) [12, 16] .
Where, O is the occupancy factor and C is the absorbed to effective dose conversion factor (0.7 × 10 -6 Sv per Gy). The annual effective dose varied from 5.37 ± 0.99 μSv y -1 (OET1) to 14.63 ± 3.86 μSv y -1 (TT1) with an average value of 9.86 ± 2.24 μSv y -1 , respectively, as shown in Tables (4) . The annual effective dose of all samples was less than 480 μS y -1 [23] which implies that this architecture site of San Al-Hagar (Tanis) could be very safely to be visited for long durations.
Finally, the radiation dose received or delivered to individuals (visiting tourists) from the ionized radiation (α-particle, β-particle and γ-rays) was measured in different locations in San Al-Hagar (in-situ) using Digilert100 radiation survey meter (factory calibrated). The dose varied from 0.30 ± 0.12 μS h -1 to 0.80 ± 0.15 μS h -1 with a mean value of 0.52 ± 0.13 μS h -1 , respectively, as seen in Table  (4) . It was noticed that the values of the measured radiation dose in site is much higher than the calculated annual effective dose. This could be attributed to α-particle, β-particle and γ-rays emitted from radon, radon progenies and from natural radionuclides emitted from the walls of Tomb and Pharaonic statues themselves which composed of granite. , respectively. Perhaps the high ratio of 40 K in some samples is due to the decomposition of human bodies for many years; as the region is a cemeteries area and old landfills. Based on the radionuclides concentrations results, the radiological hazards, of radium equivalent activities (Ra eq ), external and internal indices, alpha and gamma indices, the absorbed dose and annual effective dose were calculated and the values of all of them were much lower than the safety value. Moreover, the radiation dose in that architecture site was measured using the Digilert 100 survey meter varied from 0.30 ± 0.12 μS h -1 to 0.80 ± 0.15 μS h -1 with a mean value of 0.52 ± 0.13 μS h -1 , respectively. The present results imply that the architecture site of Tanis, Egypt is so safe from radiation hazards and can be visited for short or long durations by tourists from the entire world PN1  ND1  NT1  NT2  NT3  OET1  OWT1  ST1  ST2  ST3  PT1  TT1  SL1  THH1  TH1  EAT1  WAT1  ET1  MT1 
Conclusion
